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Title: 



MULTILAYER SCREEN AND DOWNHOLE 
COMPLETION METHOD 



Field of the Invention 

[0001] The field of this invention relates to downhole screens, which can be 
expanded into contact with the formation. 
ftackgroui" * the Tnvention 

[0002] Downhole screens are used in a variety of different applications. As part of a 
common procedure called gravel packing, the screens are deposited adjacent the 
producing formation and the surrounding annular space is filled with sand known as 
gravel. Various fabrication techniques have been developed for manufacturing such 
screens and a typical example is illustrated in US Patent 5,61 1,399. 
[0003] More recentiy it has been determined that it is desirable to reduce the size of 
the annular space between the screen and the formation. Reduction of the volume of 
the annular space around the screen discourages fluid flow along the screen, which, in 
turn, lessens the production of sand In order to be able to produce the reservoir 
longer, it has been desirable to insert screens in well bores or laterals and thereafter 
expand them. A good example of the expansion techniques for a downhole screen is 
shown in U.S. Patent £,012,522. In this patent, overlapping segments of screen are 



WO 02/23009 



PCT/US01/27581 



to tearing m tarn - — - 4 — ° f te ^ """ ^ 
w conuulth.pn>d»ctionofs.nd. A-*-*—*. - — **» " 

capacity to withstand collapse. 

I0 „ M1 Cher patents » pipe expansions « M. P— W» - 

5,366,012. 

[0005] lie main objective of ft. present invention is to .now easy Nation of ihe 
^ to the MM. Mowed by expansion to reduc* the vo.ume of the 
^ spaee around the sceea. Yet another object of the invention is to expand the 
^eea against ft. formation to entirely eliminate ft. annular space around it Yet 
mot her objective of the present invention is to aUow the ase of the shuctin. of fce 
s^downholeeve^u. expansion Another objective of the pros** button 
is to decrease the amount of shuss on «* filtration member when expanded Yet 
„*« objective of <he press* invention is <o pmvide a srgaificantty shonger 
staKture for fte finished product, which even after expansion presents a greater 
^ce to cohapse. Ann** object of the dnveotion is te provide much as 
possible, uniftumny in the opening size of the filtiauon layer after the: assembly is 
sanded. Mooter objective is to provide sufficient strength in the assembly, after 
expanse te allow it to betier resist mfferentiahpreasurea. StiU another objective is to 
^tace tire effort reamed tot expansion am to stage ft. overaft expansion in discrete 
steps. These and other advances of the present invention will be appreciated by 
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those skilled in the art from a review of the description of the preferred embodiment, 

which appears below. • 

RTTMMARY TTTF, INVENTION 

[0006] A downhole completion method and an expandable filtration apparatus are 
disclosed. The filter assembly comprises a plurality of layers beginning with a coated 
perforated base pipe, The coating reduces the force required for expansion. A 
drainage layer overlays the base pipe with the filtration layer above it The drainage 
layer improves flow though the filtration layer and protects it from burrs in the base 

pipe. A filtration enhancement layer fits over the filtration layer and an outer shroud 

protects the assembly during run in. The assembly can be used as made or expanded 

downhole in one or a series of expansions. « 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00071 Fig. 1 is cutaway view, partly in section; showing the filter assembly. 
[0008] Fig. 2 is a section view along lines 2J2 of Fig. 1. 

[00091 Fig. 3 is a section view of a first step in a multi step expansion: of the filter 
assembly. \ 

[0010] Fig. 4 is a section view of a second step in a multi step expansion of the filter 
assembly < 

[0011] Fig. 5 is a comparison performance chart comparing a known filter made by 
Baker Hughes called Excluder and two variations of the filter, of: the present 
invention. 

P^tatt am nFSf?RTPTTON O * Ttm ppfvfrRED EMBODIMENT 
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,0012, ReferringtoFig. l*^*-******'-* 1 "-'""™ 
The innermost layer * a perforated base pipe 10. which has a phsrality.of opeomgs 
12. Base pipe 10 provide a firm foundation f* to layers — * The partem of to 
hol es 12 is optirnized to stitte to best balance between collapse resWanco after 
^on and nuninnzation of to fore, required to expand this layer and tose 
positioned outeide H, as will be described below. This optimization aUows expansions 
to to range of op to about 30%. The base pipe 10 can have threads 14 and 1. at 
opposite endsto allow sections of to filter assembly A to be secured together, giving 
greater torsion and tension strength for to filter assembly A. A coating 18 made 
preferably irons a plastic material can be applied to to inside of to base pipe 10. The 
WW Co*, rnanufcctores to coating onder the name Xylan ^.Ultimately, 
when an expander 20 (sea Fig 3) is moved throngh base pipe 10, to coating 18 will 
reduca to required expansion forco. The greater collapse reoistence of to base pipe 
10 promotes borehole stability after expansions The optimization of to,opentogs 12 
promotes to highest pension rate for a given material for base pipe 10 while still 
teavtag sufficient inflow area through to pipe openings or perforations 12. Using 
grounded, or oval opening instead of slots provides for a mechanic*!* suonger 
filter assembly A. In the preferred embodiment, to coating 18 is Xylan and it can 
provide a reduction in, required force for a given expansion by as much as 50%. The 
coating 18 also helps resistant* «o galling by to expander 20 or « aubseouent 
expander such as 22 (see Fig. 4). 

[0013] Mounted above the base pipe 10 is a drainage layer 24. Drainage layer 24 is 
between base pipe 10. and nitration layer 26. Tne drainage layer 24 promotes flow 



4 



WO 02/23009 



PCTAJS01/27581 



between fire fife*. >ayer 26 and the openings 12 of te »~ ** * * ^ 

of met a.s. A braided weave design is currenfiy preyed, M — weave 

^^eaaea.Tt.ep^-^^ 1 '^ 10865 ' 1108638 - 6 " 304 
SS Braid 600 304B. The drainage layer 24 protects the filtration Uyer 26 ftom burrs 

OT ^^ fl »^ofop 0 ^l 2 .M«heeve*.f^di fl ^ I ^ 
«„ predion, the presence of the drainage layer 24 provides structural support 
ta the filtration layer 26. The braided wire drainage layer 24 conld be substituted 

the base pipe 10. 

1,014, Mounted overitite dranage layer 24 is the ffluntion layer 2d. The fixation 

weave This materia! gives very reuabl. uniformity «o me opening size, after 
mansion, m this manner there can he confidenee in me particle size, which will no, 

„f toe many particies. As shown in Fig 1, me filtration layer 26 is oriented at an 
a^e to the tatfftdM a* of me filter assembly A. This angle can be; in me range 
of about u» about 80 degrees with about 20 degrees being preferred. Onentingthe 
filtering layer 26 at an angle afiows minhnizadon of cfcmge in opening size and 
^iformity, resulting tftom expansion. The Duteh Twill weave provides greater 
durability and particle holding capacity. Negative effects on hole size and uniform.* 

pattern. A reverse weave is one where me diameter of the weft (shute) wires 28 is 
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lfflg erlhantewa I pwixes30bya S much a s4out50^-aeo O mbm a Soa O fto 

mgu lar placemen, of Ae ffltmtion tv* * W » **** 

with a reverse weave yields a more predict and reform opening size after 

expansion. 

,00151 Meant* overime fihration layer 26 is the filtration enhancement layer 32. 
This layer promotes greater flow conductivity from the outermost layer, the outer 
shroud 34. Layer 32 acts as a ooarse filter to layer 26 and prolongs the life of fitaation 
.ayer 26. «. ean be seen in (he graph of Fig.,5, where the addition of tie filtration 
enhance* layer is enrve 36. The same fflte, assembly A of the present invention 
but wfthont the filtration enhancement layer 32 is illustrated by curve 38. Carve 40 
represents the performance of a known pmduct made by Baker Hughes called 
Excluder. Fig. 5 readily demonstrates mat me addition of the filtration enhancement 
layer 32 nearly triples the time it takes to build up a backpressure of 40 PSIG fer the 
same flow conditions: Leaving out the filtration enhancement layer 32 also makes 
that version of the present invention perform somewhat comparably to the known 
Excluder design. Several different weave types are suitable for layer 32 such as: 
square weave, Compound Balanced, Tight Tuck, and Braided Weave. A suitable 
Compound Balanced .material is available ftom Porous Metal Produdts, model # 
CB 3 96_192_21/^4:.AmetalKcmataaiisprifctred. 

[00161 The outer shroud 34 is preferably formed from spirally winding, a perforated 
sheet into a tube. The hole size and pattern is optimized to facilitate expansion and yet 
provide sufficient collapse resistance in the expanded state. It is desired to have the 
inflow area of the openings maximized but to limit the opening size and use a 
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ataggered pattern so tot the outer shroud wUl not buckle or tear, when «panded The 
primary purpose of the outer shroud 34 is to pro** the layer below ftorn damage 
during run in. 

m -n The layers car, be joined tegetor by swaging to reduee to outside diameter 
rf.hefflter^yA.Swasmgalsomaiesmev^usleyersaetaso.e.imreg.rd 

„ expansion and provides greater strength against cofiapse after expansion. I, » 
pmferred to anneal to componems individuafiy befcre swaging or te anneal the 
Stmfiou assembly A after all the components have been assembled. Doing ft. 
p^mi* a greater de*ee of mansion witoot fiulure. Tbis benefit is particular 
appueable te to base pipe .0. The type of anneating envisioned is solution anneahng 
to 1800 degrees F. Anneating of the base pipe 1. is done before applying to coating 
U due te to inabuhy of to coating 18 te withstood the annexing temperatems. 
Sintering can be usedtotead of swaging te join to layers together. The layers am 
preferably assembled in to following mam^to braided wire of suitable drainage 
,ayer 24 is placed on to base pipe 10 which has previously bear drilled with holes, 
coated and threaded. Then, to filfiation layer 26 is wrapped at an angle over to top 
of me drainage lay- 24. Another layer, called to fflnauon enhancement layer 32 is 
p,ac*d over to top of to filttation layer 26. Tnen, an outer shroud 34 is placed ov* 
me filtration enhancrtont layer 32 and to tofiD package is run through a set of dies 
mtuswagesorforcesaficomponentetovigomnslycontact^other. , 
[0018] Tie filter ^blyAhastoadvrunage.ofsuperiorperibnnauce.vtomeritte 
e^^downholemnotlfitisno.e^andeiitcattb.^elpaokedmtoknown 

mamter. Figs. 3 and 4 fflusttate a nniqne stepwise expansion teehmqoe In a first 
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step, an gander 20 which may be a fixed cone or a cone with variable diameter is 
moved downward* through me filter assembly . A to adneve about a 1 5% expansion. 
A, the tower end of the filter assembly A a cone latcb 42 engages a fixed or variable 

diameter expander or none 22 to inore.se the ovesall expansion to as nmcb as 50%. 

As previously stated,;more expansion steps can be used and different degrees of 

step.wise expansion and overs!, expansion can be obtained wife this technique. I. 

should be noted feat fee second expansion does not necessarily have to proceed in a 

direction opposite the first expansion. 

[,019] Them aremsny applications of fee filter assembly of fee present invention. In 
horizontal open hole completions them am usually more fean 1,000 feet of contact 
vdth fee productive formation, sometimes in excess of 9,000'. Because there is so 
much contact fee amount of production per foot is very tow. In mose coses if the 
theoretical production per foot was traveling into a somen directly optoshe of the 
formation then fee velocity would be too low to transport aand fimn unconsolidated 
tarnations or cause erosion. There ere many wells in which erosion is. taking place 
end sand is being produced. Presenfly there am a couple of theories that explain tins 
occurence. First fee formations may be so unconsolidated that they simply fall apart 
when fee pressure in the well bom used to control fee well during IdriUing and 
emnpletingfeeweUisremoved. Thia is referred to as hole or formation: collapse. A 
seeond possibility is that fluid flows along fee path of least resistance. This may be 
on the inside of a screen that is in place or along the outside. As fee flow proceeds 
towards the beginning of fee open hole section, fee accumulative effecte of 
production means fecvelocity is much higher towards the top section (beginning) of 
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fccscre^totransportsandandto erode the fcdnation and screen. 

pnq By sanding soeen in an open hole horizon*! well Ore ^between foe 

screen and the formation can he greeny redoced or even emmna^ . Reduction of the 

.heertenorofthescxeen^to^eesedonfoeinterior. The mduction in exterior flow 
m ^ low vdodflee near the wefll^^fl^l-^ toD ^^ m,i 
less erosion effects. \ 

imn Expansion oan alao aid in formation stability by physically supporting the 
fonnan^iftheaoeenise*^^ TOa snpport in 

ten conld prevent the. collapsing of the formation when the pressure in the well bore 
is reduced. 

. [0022] In cased hole appUcations filtration assembly A offers the advantage of a large 
inside diameter for remedial work below its installation. Another advantage is that in 
frac packs and gravel packs all that is necessary to do is to place the proppant or sand 
in the perforation tunnels and formation fractures. Annular packs between the screen 
and me casing, which are often difficult to achieve, are not necessary since expanding 
screenremovesthisannulus. The filter apparatus A could also be used in conjunction 
wim a frac pack or gravel pack and subsequently expanded to back fill any voids in 
the annulus I pack or perforations not filled. 
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We claim : 

1. An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside surface, a longitudinal .axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, said layers 
each being annealed to facilitate subsequent expansion downhole. 
2. The assembly of claim 1, wherein: : 

said filtration layer and said base pipe are individually annealed prior 



tol 

3. The assembly of claim 1, wherein: : 

said filtration layer and said base pipe are annealed after being joined 

together. 

4. The assembly of claim 1, wherein: 

said filtration layer and said base layer are swaged together and said 
annealing former comprises solution annealing at up to about 1800 

degrees F. 

5. The assembly of claim 1, wherein: 

said inside surface of said base pipe is coated to reduce the force 
neededifor subsequent expansion. 

6. The assembly of claim 5, further comprising: 

an expander capable of multi-stage expansion of said base pipe and 

said filtration layer. 

7. The assembly of claim 6, wherein: 
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said staged expansion occurs in a single direction. 

8. The assembly of claim 6, wherein: : 

said staged expansion occurs in opposed directions. 
9 The assembly of claim 6, wherein: : 

dimension. 

10 The assembly of claim 6, wherein: : 

^dffl««ng b y«c m ^awe a v e having W e ft a D <lw-p WiKsan d 

wherein one of said weft and waip wires is disposed at an angle of 
about w» degrees with respect to toe longitudinal rittf said tase 

pipe. > 

11. The assembly of claim 10, wherein: i 

^d weft wires have a larger diameter than said warp wires by as 

much as about 50%. 
12. The assembly of claim 10,wherein: > 

m leas, one filtration layer tether comprises a woven drainage 
Uyer on said base pipe and amain filunoon layer, said dminage layer 
protecting said main filtration layer ftomhorrs in openings in said base 
pipe and providing mechanical soppor. for said main filtratton layer. 
13. The assembly of claim 13, tether comprising: 

a filtration enhancement layer mounted over said main fixation iayer 
aad tether comprising a weave,' said dminage layer and said filtration 
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element layer are spirally wound to orient wires therein in 
substantial alignment with said wires in said main filtration layer. 

14. The assembly of claim 10, wherein: I 

said openings in said base pipe are round, rounded or oval. 

15. An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside surface, a longitudinal .axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, 
• said inside surface of said base pipe is coated to reduce the force 
neededifor subsequent expansion. 

16. The assembly of claim 15, wherein: i 

said coating is made of a plastic material and said openings are round, 

rounded or oval. 

17. The assembly of claim 15,further comprising: 

an expander capable of multi-stage expansion of said base pipe and 

said filtration layer. 

18. The assembly of claim 17, wherein: i 

said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axisiof said base 
pipe, i 

19. The assembly of claim 18, wherein: I 
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said laye* each being annealed to «* sublet «p»»on 
downhole; 

m Sunnon layer and said base layer are sw^ed togemer and said 
a^eaHng farther comprises solution annexing at up to about 1800 
degrees F. 

20. An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside surface, a longitudinal .axis, and a 
plurality of openings; 

atleastone filtration layer mounted over said base pipe; and 

an expander capable of multi-stage expansion of said base pipe and 

said filtration layer. 

21. The assembly of claim 20, wherein: i 

^dbasepipeisexpatriedtostagesrrpto^ 

dimension. 

22. The assembly of claim 20, wherein: i 

said layers each being annealed to facilitate subsequent expansion 

downhole; 

said filtration layer and said base layer are swaged togemer and said 
maaS ^ % fcrther comprises solution annealing at up to about 1800 
degrees F. 

23. The assembly of claim 22, wherein: ! 



13 



WO 02/23009 



PCT/US01/27581 



said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis , of said hase 
pipe, » 

24. An expandable filter assembly for downholeuse, comprising: 

' a base, pipe having an inside surface, a longitudinal .axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, 
said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis.of said base 
pipe. • 

25. The assembly of claim 24, wherein: \ 

said weft wires have a larger diameter than said warp wires by as 

much as about 50%. 
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